Calcium binding sites having low affinity constants of < 103 M-1 were titrated in native sarcoplasmic reticulum vesicles as well as in lipid deprived m em branes and in the isolated calcium transport ATPase. Short time calcium binding m easurem ents and the determ ination o f the calcium binding heat allow to distinguish low affinity calcium binding sites located on the external surface of the sarcoplasmic reticulum m em branes from those present in the section o f the transport molecule directed to the vesicular space. The same num ber o f internal binding sites was found for preparations deprived of their lipid content as well as of preparations depleted o f their lipids and of their accessorial proteins. Magnesium interferes with calcium binding to the external as well as to the internal low affinity calcium binding sites. The im plications o f the existence o f the low affinity calcium binding sites in the internal section o f the calcium transport ATPase are discussed.
Enzymes: Phospholipase A2 or phosphatide 2-acylhydrolase (EC 3.1.1.4); C a2+-dependent ATPase, ATP phosphohydrolase (EC 3.6.1.3).
Reprint requests to Prof. Dr. W ilhelm Hasselbach. 0341-0382/80/1100-1012 $01.00/0 vesicles during active calcium accumulation requires that at least transiently the affinity of the transport protein for calcium is reduced, it has been suggested that the low affinity sites are transiently formed when the transport protein is phosphorylated by ATP [9, 10] . Internal low affinity calcium binding sites in the unphosphorylated protein are generally considered as nonexistent. On the other hand, it has been demonstrated that in the absence of ATP the presence of calcium concentrations in the millimolar range in the interior of the vesicles causes changes in the affinity of the calcium transport protein for mag nesium and inorganic phosphate [13] [14] [15] [16] [17] , This effect of internal calcium indicates the presence of permanent, low affinity calcium binding sites on the internal surface of the reticular membrane. In this study we attempted to find out whether such sites can be established and differentiated from the sites residing in the accessorial proteins. For this purpose, we studied calcium binding of native vesicles and of the purified lipoprotein complex of the isolated ATPase and that of partially delipidated ATPase prepara tions.
Materials and Methods
The sarcoplasmic reticulum vesicles were pre pared from white skeletal muscle according to the procedure described by Hasselbach and Makinose [18] as modified by de Meis and Hasselbach [19] . The extrinsic proteins of the membranes were re moved by incubating the sarcoplasmic vesicles 20 mg • ml-1 for 10 min at 4 °C in a solution con taining 0.3m sucrose, 0.4mKC1, 0.1 mM dithiothreitol, 20 mM histidine, 0.01 mM phenylmethylsulfonylfluoride and 6.0 mg • ml-1 sodium deoxycholate. After dilution with 4 volumes o f 0.1 M KC1, the membranes were precipitated by centrifugation in a Beckman Ti 60 rotor at 50000 x g • 1 h. 21 ± 2% (x + S. D. n = 8) of the starting protein remained in the supernatant. The pellet was resuspended in 0.1 M KC1 and recentrifuged. Subsequently the preparation was dispersed in 0.1 m KC1. Lipid depletion was performed as described [20] . The preparations which were used for the determina tion of the heat developed when the low affinity calcium binding sites were occupied, were dialyzed for 12-18 h in a solution containing 0.1 M KC1, 20 mM imidazole pH 7.0, 0.1 mM CaCl2, 1 mM so dium azide and, when required, 10 mM MgCl2. The bound calcium was determined as the difference be tween the calcium concentration in the suspension and the protein free supernatant as described by Kometani and Kasai [21] . All experiments were per formed in triplicates. For fast separation o f the membrane from the solution filtration technique was used; aliquots of the suspension containing 0.5 mg protein were sucked through double filters. The membranes are collected on the upper filter. It con tains the membrane bound calcium and the calcium trapped by the filter. The quantity o f the latter was determined as the radioactivity found in the protein free lower filter. This method yields in addition to the membrane bound calcium the calcium trapped in the vesicular space. The latter quantity has been determined according to [7] and [23] . As long as the vesicles were incubated for 1 -2 min, the intravesicular calcium content remained small. Gel elec trophoretic separation was performed on 7.5% poly acrylamide gels containing 0.1% sodium dodecylsulfate, 0.1 m Tris bicine pH 8.2. The electrode cham bers were filled with the same fluid.
Heat measurements were performed in a batch microcalorimeter of LKB10700-2 which was equipped with two twin cells with chambers of 6 and 2 ml. The protein solution containing 10 mg protein • ml-1 of which 5.6 ml were filled into the first large chamber. The second large chamber was filled with 5.6 ml dialyzing fluid. The two small chambers were filled with 2 ml dialyzing fluid containing the required calcium concentrations. Care was taken that all ex periments were performed at the same protein con centration.
The reaction was started by rotating the calorime ter cells. The heat burst lasted 2 -3 min. Tem perature equilibrium was reached after 1 0 -1 5 min. The experiments were performed at 20 °C.
Results
The low permeability of the sarcoplasmic mem branes for calcium allows titration of the calcium binding sites on the cytoplasmic surface of the vesicles [ 2 1 -2 4 ] . It is assumed that calcium bound to these sites is quickly and completely removed by EGTA, while calcium occupying inter nal sites is released only very slowly [20, 23] . Fig. 1 illustrates the results of experiments in which vesicles were incubated in solutions containing 1 m M calcium in the presence and absence of 10 m M magnesium. As indicated on the abscissa, excess EGTA was added and the vesicles were removed from the solution by filtration through Sartorius filters 0 .45 nm. The calcium retained by the vesicles, which were collected on the millipore filter, is shown on the ordinate. The half time which calcium needs to equilibrate with the internal space amounts to ap proximately 30 minutes. This time is in quite good agreement with the permeation time found by Kometani and Kasai [21] , The fact that calcium permeation is not affected by magnesium, which was present in the assay prior to the addition of calcium, shows that internal magnesium does not facilitate calcium entry. As a consequence of the slow permea tion of calcium ions across the sarcoplasmic mem branes only external calcium binding sites are satu rated when the vesicles are incubated for ~ two minutes in calcium containing solutions. Fig. 2 illus trates the saturation of external binding sites which was determined after the vesicles had been incu bated for two minutes in solutions containing 0.1 - Fig. 1 . Tim e course o f calcium uptake by native sarcoplasmic reticulum vesicles. The vesicles were incubated in a solution containing 0.1 m KC1, 20 mM imidazole p H 7.0, 1 mM CaCl2, 0.5 mg protein m l-1 # , and in addition 10 mM MgCl2 ▲. After the time indicated on the abscissa the sus pension was diluted with 5 volumes of a 0.1 M KC1 solution containing 1 mM EGTA and filtered through Sartorius filter 0.45 hm, immediately followed by a rinse with 5 ml of the calcium free solution. Calcium bound to the external binding sites is rapidly removed from the vesicles by EGTA [7, 23] , respectively.
• , ▲ vesicles were removed by centrifugation, £ vesicles were removed by filtration, means ± SD, « = 3 -5 . Calcium binding was term inated after 1 -2 min by fil tration through double filters (Sartorius 0.45 um). The bound calcium was calcu lated from the difference between the radioactivity in the upper and the lower filter (comp. M aterials and Methods). Table I . Low affinity calcium binding sites o f native sarcoplasm ic reticulum vesicles and isolated ATPase determined by short term incubation. The experiments were performed as described in M aterials and Methods. The results o f Figs. 2 and 3 were used for extrapolation in Scatchard plots. The num ber o f low affinity sites were obtained by subtracting the number of sites titrated at 0.1 mM calcium from the total num ber o f sites. In the calorim etric m easurem ents only low affinity sites are recorded because the protein preparations were previously equilibrated with 0.1 m M calcium. A specific binding heat of 1000 cal per mol (Fig. 7 ) was used to calculate the num ber o f calcium binding sites from the developped binding heat. In the absence and in the presence of 10 mM magnesium the Scatchard plots yielded dissociation constants for the low affinity sites o f 2 -3 mM for the intact vesicles and for A TPase preparations o f 4.5 mM and 7 mM , respectively. Fig. 5 . The increase of the number o f calcium binding sites does not result in a significant change in the half satura- (Table) . If magnesium would compete for calcium at these sites, this difference should have disappeared when the number of binding sites occupied at infinitely high calcium concentration was extrapolated. Evi dently magnesium binding induces a change in the protein which reduces the number of sites accessible for calcium. On account of these findings it is unlike ly that phospholipids are involved because their ability to discriminate between calcium and magne sium ions is less specific. The possibility that one of the accessorial proteins contributes to the external low affinity sites cannot definitely be excluded.
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The significantly greater binding capacity of ATPase preparations and of delipidated prepara tions revealed by short term binding experiments has several implications.
1. The accessorial proteins, possibly located in the interior of the vesicles, cannot contribute to this binding increment because they were removed dur ing the isolation procedure.
2. Lipids are also excluded as binding sites as the lipid depletion does not affect calcium binding.
3. Therefore, the additional low affinity calcium binding sites titrated in the ATPase preparations must reside in the section of the molecule directed to the vesicular lumen.
The quantity of internal calcium binding sites in the ATPase preparation has to be considered as a minimum number, since our estimate relies on the assumption that during the isolation procedure of the ATPase a number of low affinity binding sites exposed on the outer surface is not diminished. Should this occur, which is to be expected when these sites reside in accessorial proteins which are lost during the isolation procedure, a corresponding number of new internal calcium sites must have been exposed to compensate for this loss. This means that we would have to add ~ 80 nmol sites per mg protein which corresponds to the number of [7] which the authors could not assign to any membrane constituent. However, the calcium affinity o f the sites identified by the authors is considerably lower than that o f the inter nal sites found in the isolated protein. Whatever the precise number of low affinity calcium binding sites in the molecule is, these sites do not need the presence of ATP or another phosphate donor for their formation as is implied in most reaction schemes. The role of these phosphate independent low affinity sites, demonstrated in this study, re mains to be established: 1. They may provide addi tional calcium binding sites in the interior of the vesicles. 2. They may act as regulatory sites which, when occupied, suppress the activity of the calcium transport ATPase of the calcium pump. 3. They may be identical with the sites from which calcium is released when the calcium pump accumulates calci um ions or to which calcium ions are bound before they cross the membrane during ATP synthesis. Hence, during energy dependent calcium transloca tion a mechanism must be operative by which calcium is translocated between preexisting low and high affinity calcium binding sites (c f [27] ).
